In the following contribution an innovative two step strategy for the inversion of amplitude-only data in microwave imaging applications is presented. At the first step an inverse source problem is solved for computing the incident field in the investigation domain. Then, in the successive step, an iterative multiresolution method combined with an evolutionary optimiser is applied in order to extract the reduced amount of information of the problem at hand. Some numerical and experimental results show the effectiveness and the limit of this technique.
INTRODUCTION
The diffusion of microwave imaging techniques in many different fields, such as biomedical and industrial diagnostic, is due to their capability of a qualitative and quantitative analysis of the dielectric properties of the means under test. Unfortunately, these methodologies present some drawbacks related to the ill-posedness and the highly non-linear nature of inverse scattering problems. Another non-trivial point is the amount of collectable information. Multi-illumination, multi-view and multi-frequency systems can be considered, but the achievable information still remains restricted to an upper-bound depending on the geometrical and physical characteristics of the system [1] [2] .
Moreover, the data acquisition requires complex and expensive hardware setups. In particular the measurement of the phase distribution turns to be critical when high frequencies are considered. As a matter of fact, holographic and interferometric techniques, generally used in optical application [3] [4] , allow to retrieve the phase information starting from amplitude-only data, but they require undesired additional post-processing. In order to realize a reliable and cost-effective imaging apparatus, some different strategies based on phaseless data have been developed in the last years (see [5] and references therein). Two main approaches are possible: solving the classical inverse scattering problem after the extraction of the phase information or using an ad-hoc algorithm to directly reconstruct the dielectric properties of the scatterer.
In this contribution an innovative two-step strategy, belonging to the second class, is proposed and presented in Sect. 2. In the first step (Sub-Sect. 2.1) the source is synthesized by tuning the coefficients of a linear array of equally-spaced line-sources according to the Distributed-Cylindrical-Waves Model (DCW-Model). Afterward (Sub-Sect. 2.2) a multi-resolution cost functional [6] is defined on the basis of the difference between measurement and estimation of the amplitudes of the incident field and the electromagnetic field in presence of the object under test. Such functional is minimized through the Particle Swarm Optimizer [7] , one of the most effective evolutionary iterative procedures. In Sect. 3 and 4 some numerical and experimental results will be analyzed in order to draw some conclusions (Sect. 5) on the effectiveness of the proposed methodology.
MATHEMATICAL FORMULATION
Let us consider the classical tomographic imaging configuration in which an unknown cylindrical object is located in an inaccessible investigation domain 
is the free space green function. In Eq. 3 the knowledge of the amplitude of the incident field in the investigation domain is necessary, but it is supposed to measure the incident field only in the observation domain. In the first step (Sub-Sect. 2.1) this information is reconstructed through a suitable synthesis of the electromagnetic source and in the second one (Sub-Sect. 2.2) the system of Eqs. 2-3 it is solved.
Step 1
The complexity and sometimes the unfeasibility of the direct measurement of the amplitude of the incident field in the investigation domain ) (r According to Eq. 4 we can obtain the electric field in every point of the investigation domain. As can be noticed in Eq. 3, only the amplitude of the synthesized field is used and this assumption guarantees a reduction of the noise introduced by the synthesis.
Step 2
The amount of information content of the data in inverse scattering problems is limited. Moreover, it is further reduced considering amplitude-only data. Therefore, in order to efficiently use the available information, the iterative multi-scaling approach has been introduced [6] and customized for phaseless data. The considered multi-resolution approach allows us to control the dimension of the search space and to improve the quality of the reconstructed profile. In Fig.  1 a flow chart of the algorithm is presented. After the characterization of the source model discussed in SubSect. 2.1, the iterative procedure of the multi-resolution technique is initialised assuming a uniform distribution of the unknowns whose number is chosen on the basis of the available information and according to [1] [2] . After evaluating the distribution of the incident field in the investigation domain, the system of Eqs. 2, 3 is recast to the minimization of an appropriate cost function. According to the IMSA [6] , the resolution is progressively improved in the Regions of Interest where the object is supposed to be located. As a matter of fact such procedure can be obtained defining a multiresolution cost function (10) where the term value on the basis of the information collected in the previous iterations [6] . In order to reduce the local minima problem, the cost function of Eq. 8 is minimized using one of the most effective evolutionary technique: the Particle Swarm Optimiser (for a detailed description see [7] ). Finally, the multi-resolution procedure is iterated until a stationary condition is reached [6] .
NUMERICAL VALIDATION
A preliminary analysis has been carried out through a synthetical test case. A homogeneous dielectric square (Fig. 2 ) and in phase (Fig. 3) . 
EXPERIMENTAL VALIDATION
In order to further assess the robustness and the effectiveness of the algorithm, a dataset of experimental measurements has been considered. Such a database has been kindly provided by M. Saillard and K. Belkebir (for details see [10] ). In particular, the test case concerning the so-called "dielTM_dec8f.exp" scattering configuration is considered. It refers to a homogeneous dielectric cylinder ( 
CONCLUSIONS
In this contribution an innovative two-step strategy has been presented and its performances analysed both with numerical and experimental data. The results point out the effectiveness of the approach and the feasibility of the inversion of amplitude-only data without the need of any expensive post processing of the data in order to retrieve the phase distribution. As a matter of fact, the DCW-Model provides an accurate representation of the incident electric field and in the second step, thanks to the iterative multi-scaling approach, the algorithm has shown a good capability of exploiting the reduced amount of information available through the phaseless measurements. Moreover introducing the Particle Swarm Optimiser the proposed method turns out to be effective also in reconstructing experimental data.
